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2.0 PROJECT RECORD REVIEW 
 

Trihydro reviewed documents provided by AML which guided the field investigation and the recommendations in this 

report.  Reports provided by AML included numerous (over 70) memos from R. B. Nickelson to Steve Frost pertaining 

to underground mining in the area (Nickelson, n.d.), a memo from R. Armijo to AML staff that lists USGS quadrangle 

maps and mines in each quadrangle (Armijo, 1991), and a report on inactive coal mines in Colfax County (Hoffman, 

2015). 

 

Trihydro also reviewed information in the New Mexico Bureau of Geology and Mineral Resources (NMBGMR) Coal 

Mine Database, available from:  https://maps.nmt.edu/ (NMBGMR n.d.) to address specific safety and environmental 

safety concerns related to future development (e.g., urban growth). 

 

Additional documents provided by AML included mapping with historical mine locations (NMBGMR n.d. a, b, and c), 

Raton basin geology and coal districts and mine locations (Hoffman 2015), and underground workings for the Turner 

Mine (NMBGMR n.d.c).  The Turner Mine underground workings were particularly helpful as, when georeferenced, 

adits aligned with adits identified in the field (Figure 3).  Trihydro made further fine adjustments to the Turner Mine 

underground workings map to align the mapped coal seam outcrop with visible outcropping and coal slack piles from 

the satellite imagery (Figure 3). 

 

Trihydro located several documents that aided in understanding mining in the area.  The documents included a bulletin 

on Raton coal field coal resources (Lee, 1924), a paper on Raton coal field commercial coal beds (Pillmore, 1976), and 

NMBGMR Resource Map 10 (NMBGMR, 1978).   

 

2.1 FINDINGS 
The document review highlights the long and rich mining history of the coal beds east of Raton.  The Nickelson 

memos, in particular, narrowed the potential mines that could contribute to the subsidence features to the Denton Mine 

(pp. 118-120), the Turner-Urtado Mines (pp. 164-167), and the Yankee Mines (pp. 168-173) (Nickelson, n.d.).   

 

The Denton Mine operated between 1931 and 1960 just northeast of the Turner-Urtado Mines.  The Denton Mine 

consisted of an adit east of A-25 and two air course holes, one 75 feet (ft) north of the adit and the second about 450 ft 

north of the adit (Nickelson, n.d.).  Based on the adit and air course configuration, mining likely progressed west and 

north.  
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topography.  In those areas, Trihydro personnel worked to get a higher vantage point to assess the immediate 

surrounding area for mine features.  The focus of the surface investigation was to evaluate the area for additional 

openings, subsidence or otherwise, to potential underground mine workings below.  The surface investigation areas are 

shown on Figure 3. 

 

Special attention was given to drainage swales and other more established drainages within the surface investigation 

area.  No additional vertical openings or subsidence features were noted in the investigation area or within the 

A-25 alignment.  Several abandoned mine features associated with the Denton Mine were located during the 

investigation including remnant mine facilities (retaining walls, misc. structures); extensive gob piles; an open adit, and 

debris.  Trihydro also mapped and documented a proposed access route to the Denton Mine.  Denton Mine features can 

be found on Figure 3. 

 

On December 3rd, 2021, Trihydro conducted a surface investigation along the former haul/access route from A-25 to 

the suspected western edge of the Turner-Urtado Mine.  Several gob piles were noted along the route.  Two open adits 

were mapped at the Turner-Urtado Mine, including one adit, A-1, within approximately 30 ft of A-25.  Adit A-1 is 

approximately 3 ft by 3 ft and opens to the mine workings.  The depth of the adit is approximately 55ft as described in 

the Bat Conservation International (BCI) report.  The A-1 area also contains a small subsidence/vertical opening 

directly above the adit, approximately 15 ft north of the opening.  The subsidence measures 1 ft by 2 ft and was noted 

as being open to the mine workings in the BCI report.  A section of narrow-gauge rail was noted in the adit opening.   

  

A second open adit was discovered approximately 1,200 ft further west of adit A-1.  Adit A-2 measures approximately 

1 ft by 2 ft and appears to be open to the mine workings.  Several gob piles were noted along the access.  Adit A-2 can 

be accessed from A-25 in the same manner as adit A-1.  Much of the access to Adit A-2 is passable with moderate 

improvement except for a short section immediately west of adit A-1.  Steep gob piles through that area may prove 

difficult to traverse with equipment without extensive improvement.  Adits A-1 and A-2 can be found on Figures 2 

and 3.    

 

3.2 GEOPHYSICAL INVESTIGATION 
GPRS performed a ground penetrating radar (GPR) and electromagnetic induction (EMI) geophysical investigation to 

map voids along a 600 ft section of the A-25 alignment.  Trihydro developed a geophysical workplan and submitted to 

the AML on November 30, 2021.  The work plan detailed the proposed scanning area and methods.   
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On December 3rd, 2021, GPRS was able to secure the needed equipment for the 200MHz scan and conducted a scan of 

the subsidence features area.  The 200MHz scan was inconclusive due to the small size of the voids.  As there were no 

voids detected in the 200MHz scan, the data was not included in the GPRS report. 

 

An EMI scan was also completed on December 3rd, 2021.  However, GPRS determined the EMI data was corrupted 

and unusable.  Therefore, GPRS conducted a second EMI scan on May 26th, 2022.  GPRS used the EMI scanner to 

conduct a subsurface investigation of the entire proposed road alignment scan area.  Photos of the EMI investigation 

work can be found in Appendix A.  The EMI investigation results can be found in the “heat map” depicted on 

pages 4 – 7 of the GPRS EMI report dated June 2nd, 2022, provided in Appendix A and also shown on Figure 3.  The 

EMI report notes several strong reaction areas throughout the A-25 alignment, particularly along the western edge of 

the scan boundary.  GPRS notes that the strong reaction areas may indicate areas of potential voids or other subsurface 

objects.  The strong reaction areas are called out on Figure 3. 

 

The west shoulder of A-25 is paralleled by a borrow ditch and is closest to the Turner-Urtado Mine.  The borrow ditch 

may contribute to strong reactions in the locations noted.  The EMI data does not indicate the presence of voids in the 

immediate area of the A-25 subsidence features.   

 

3.3 BAT CONSERVATION INTERNATIONAL INVESTIGATION 
BCI conducted investigations of the Denton (incorrectly referenced as Yankee in the BCI report) and Turner-Urtado 

mine workings on November 17th and 18th, 2021.  The purpose of the BCI investigation was to determine if the Denton 

and Turner-Urtado mines were currently, or could be suitable, habitats for bats.  The BCI report detailing their findings 

at the Denton and Turner-Urtado mines is provided as Appendix B.   

 

BCI entered the Denton Mine through the open adit A-1.  BCI reported that the Denton Mine workings were fairly 

extensive, ending in a collapse approximately 274 ft underground from adit A-1.  The workings trended in a west-

northwest direction and away from the A-25 subsidence feature area.  BCI observed 3 Townsend’s big-eared bats 

hibernating in the Denton Mine A-1 adit.  BCI designated the Denton Mine working as “good” suitability for bat 

habitation and recommends a bat-compatible closure to be constructed during the warm season.  The BCI investigation 

of the Denton Mine workings does not provide enough information to determine if the A-25 subsidence feature is 

directly related to the Denton Mine underground workings. 

 

BCI entered the Turner-Urtado Mine through the open adit A-2.  BCI reported that the Turner-Urtado Mine workings 

were much less extensive than the Denton Mine workings, ending approximately 55 ft underground from adit A-2.  
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signage to notify vehicle traffic that there may be road subsidence in the area and directing stormwater runoff away 

from the subsidence area. 

 

4.2 RECLAMATION ALTERNATIVES 
Trihydro recommends that action be taken to limit the continued subsidence of the A-25 features.  Reclamation 

recommendations for the A-25 subsidence area are presented below, and construction details have been developed for 

the reclamation recommendations.  Construction details can be found in the attached figures.  Colfax County should 

continue to monitor the area for deflection and subsidence no matter which method is ultimately chosen. 

 

4.2.1 NO ACTION 
In this option, there will be no action taken by the AML to mitigate the A-25 subsidence features.  The subsidence 

features may stabilize over time, and run-off from the road alignment may carry enough sediment to eventually stop the 

flow of water and material into the void space below.  This option could also be exercised if the road owner, Colfax 

County, wishes to reclaim the features without the assistance of the AML. 

 

4.2.2 POLYURETHANE FOAM AND BACKFILL CLOSURE 
The polyurethane foam (PUF) and backfill option involves placing PUF material into the subsidence features to replace 

the material washed into the void space below.  The goal of using the PUF material is to fill more of the void space 

below and to slow the movement of water through the previously subsided area.  The PUF backfill option is most 

feasible for closing near-surface voids.  PUF material will be placed within 4 ft below ground surface, where backfill 

will transition to a road base material.  The PUF may be installed in two different ways.  PUF can either be batched in a 

specialized machine that will stream the material into the void space, or it can be mixed in 1/3 cubic yard (cy) bags and 

dumped into the openings by hand.  Both machine and hand placement will mainly rely on gravity to pull the PUF into 

void spaces below.  The cost estimate developed for the PUF closure type assumes hand placement of PUF.   

 

The upside of using PUF in this application is that PUF will expand further into subsurface void spaces.  The downside 

of using PUF in this manner is that the quantity of PUF is currently unknown as the size of the void space is unknown.  

The quantity of PUF shown in the cost estimate of this option is an approximation.  PUF is much more costly than 

other backfill materials.  A cubic yard of PUF is approximately two times more expensive than a road base or washed 

rock material and associated haul costs. 

 

In addition to backfill of the subsidence features, care will be taken with the road surface and associated grading.  

Geotextile, non-woven Geotex 601 or equivalent, will be placed along the road surface to increase the strength of the 
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The grout used will be comprised of three components:  water, cement, and sand.  Fly ash may be used as an additive to 

improve flowability if deemed necessary.  A somewhat stiff pumping grout with an ordered slump between 4 and 6 

inches will be used to focus the placement of the grout underneath the road, rather than attempting to pump grout out 

through all available void space.  These grouted pillars provide local support and require less grouting material.  This 

requires lower pumping pressures than grouting to fill all available connected space, and it eliminates the possibility of 

grout being pumped through available void space and out of a distant open adit.  The compressive strength of the grout 

will approximate the strength of the surrounding material, approximately 500 pounds per square inch (psi).  

 

The pumping pressure for grout will be dependent on the existing conditions and depth to mine floor.  The maximum 

pressure allowed at the deepest points will be 400 psi at the wellhead.  At the shallowest points, the pumping pressure 

will remain below 250 psi at the wellhead.  Laser levels will be used when pumping to monitor for any ground heave 

while injecting grout.  The engineer on site may adjust pressure limits based on existing conditions such as cracking, 

depth to void space, and observed downhole conditions. 

 

The upside of the drilling and grouting option is that no additional effort is needed to stabilize the road.  Additional 

geotextile and road base is not required for this option.  Trihydro recommends that water bars be installed upgradient of 

the subsidence feature area along the road alignment to move run-off into the roadside ditch.  The 30 ft spacing 

between holes should be narrow enough to encounter open void spaces present underneath the A-25 alignment based 

on the historical record of the Turner-Urtado Mine room and pillar dimensions and orientation (NMBGMR, n.d.c).  The 

planned holes that continue north along the A-25 alignment, beyond the Turner-Urtado Mine, may encounter void 

space from the Denton Mine.   

 

The proposed drilling and grouting approach is optimized to address open void spaces.  Adjustments to the grout 

mixture may be made to properly address collapsed areas of tight rubble at or above the mine depth.  Larger collapsed 

areas of rubble, and more tightly packed rubble are more likely to be encountered as the depth to mine workings 

increases.  Grout adjusted for rubble would travel further from the injection site, often away from the road area, and the 

grout material quantities required would increase due to the increased spread.  The downside of the drilling and 

grouting option is cost.  Grouting work and materials can be excessively expensive, especially in remote areas such as 

the A-25 subsidence features. 

 

Supplemental drilling and grouting may be required over the drilling area in between some of the holes.  The 

supplemental drilling would be guided by the findings of the proposed drilling and grouting plan and would target 

suspected void spaces that are not addressed by the proposed drilling plan.     
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A-25 subsidence area and adits.  Trihydro’s preferred reclamation alternative to stabilize County Road A-25 is to drill 

and grout any voids discovered in the subsidence investigation area that are deemed unstable by the experienced 

geologist or engineer.  Colfax County should continue to monitor the area for deflection and subsidence monthly no 

matter which methods are ultimately chosen. 
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LEGEND 

Raton, New Mexico 
Prepared by: 

 

                    ELECTRIC 
WATER 

               COMM 
GAS 

SANITARY 
STORM  
UNKNOWN 

 

iii 



Page 4 of 7 

 

  
Sample GPR data screenshot showing a void that was confirmed to 
exist.  It was located in a trench for a water line and was below the 
slurry topping layer. The GPR reflection off of the air at the top of 
the void will typically appear as a black band in the data as shown 
above. 

Sample GPR data screenshot showing a potential void. Changes in 
soil or backfill that have much different electrical properties than 
the soil that is being traveled through can cause high contrast 
reflections that appear to be voids but may not be and would 
require destructive testing to verify. 

  
Sample GPR data screenshot showing a void that was verified to 
exist directly below a concrete slab that was reinforced with rebar. 

Sample GPR data screenshot showing a void that was verified to 
exist directly below a concrete slab that was reinforced with rebar 
but is actually the top of a manmade structure such as a basement 
or tunnel. 

 

Sample Data Screenshots.  
(Not taken from this project) 

Location:  
previously collected from various sites 

 

 

  

GPRS ----------------..... 
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Site photo of the crack in the rocky area being scanned. Site photo of the scan area above the rocky area with the crack. 

  
Photo of the road with the area of concern. Photo of the road just above the crack, in the scan area. 

  
Closer photo of the crack and area of concern, in this photo you can 

see the blue lines indicating a similar reaction of right over the 
crack, possibly where the crack is continuing. 

Site photo above the crack looking down the road to the other end 
of the scan area. 

 

GPR Data Screenshots and Photos Raton, New Mexico 

 

  





http://www.gprsinc.com/
http://www.gprsinc.com/
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Terms and Conditions 
GPRS does not provide land survey or civil 
engineering data collection or 
documentation.  This is provided as a 
reference map of the field markings and is 
not survey-grade. 
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Potential � ĥot spots�_ or stronger reactions. 
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Potential � ĥot spots�_ or stronger reactions. 

iii 












































































	Title Page
	Certificate of Engineer
	Table of Contents
	Text



